Chapter Eight

Watersheds 101:

Useful Things to Know
About Your Water Resources

A watershed isal of thelandscapethat drainsinto a
particular |akeor river. Depending on the scale of the
discussion, you could refer to the watershed of the
Mississippi River, or thewatershed of afarm pond.
Therearehierarchiesthat usetermssuch asdrainage
basinand river basin to mean specific hydrologic
configurations. However, you may hear themused
interchangeably with “watershed.”

FOCUS

* Hydrologic Unit Codes
* Water Quality Monitoring
» Geographic Information Systems

Hydrologic Unit Codes:
the watershed address

Hydrologic unit codeswere devel oped by the US Geological Survey (USGS) in cooperation withthe
USWater Resource Council. The USDA Natural Resources Conservation Service hasincorporated this
coding into its conservation planning practices. Most state agencies a so usethis coding system. Theadvan-
tagesareasfollows:

» Thehydrologic code attached to aspecific watershed isunique.

» Thiscode providesacommon languagefor different organizationsand agenciesto use. If acode
has been assigned, then thereis agreement asto the boundaries of the watershed.

» Having watersheds delineated on published maps assi ststhe publicin understanding how landscapes

function, wherewater quality problemsmay be addressed, and who needsto beinvolved inthe
planning process.

Example: ........ccocovviniiniininene Anexampleof afourteen-digit hydrologic unit codewould be
05120201-010-001. Each number or group of numbersinthe
code represents aspecific landscape area.

. . Accounting Cataloging Cataloging | Subdivision of
Region Subregion Region Unit Subunit Subunit
05 12 02 01 010 001
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Numbering of watershedsis consecutive from upstream to downstream. Thefirst two digitsindicate
themainriver basin. Thethird digit may indicateall or aportion of that basin. Inthisway thethird digit can

be changed to designate, for example, two partsof a
watershed on either sde of astateline. The longer
the HUC number, the smaller the watershed.

Itisimportant to remember that watersheds
refer to surface water only. Groundwater, which
asoisadrinking water source, isinfluenced by
surface water but occursin aquifers, not watersheds.
Theaquifersof Indianahave been mappedinthe
Indiana Groundwater Atlas (USGS). They have
a so been grouped in common hydrogeol ogic settings
according to geology, vulnerahility, et cetera(Maps&
CD-ROM distributed by Office of the Indiana State
Chemist). When addressing water quality issues, both
ground and surface water should be considered.

Table1liststhe Hydrologic Unitsin Indiana,
along with the watershed namesthat have been
assigned by the USGS.

For generd information on your watershed, visit

The entire country has been mapped at
the eight-digit hydrologic unit code level
(about 2,211 watersheds). Indiana is
divided into 39 eight-digit watersheds
(see map, facing page). The U.S.
Geological Survey, working with the
Natural Resources Conservation
Service, has further mapped Indiana’s
watersheds at the 14-digit level. These
smaller watersheds average about
9,000 acres. The 14-digit maps are
available from USGS and also on the
USGS website.

the U.S. Environmental Protection Agency internet site called Surf Your Watershed at www.epa.gov/surf/.
Also check out IDEM’ swebsite at www.State.in.us/idem/owm for information onimpaired waters.
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8 Digit
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Table 1.

Hydrologic Unit Codes, Indiana, 8-digit

HUC River Counties
Little Cdumet-
04040001 Galien Lake, Porter, LaPorte
04050001 | St. Joseph St Joseph, Elkhart, Lagrange, Stueben, Kosciusko, Noble, Dekalb
04100003 | St. Joe Steuben, Dekab, Nable, Allen
04100004 | St. Mary's Allen, Wdls, Adams
04100005 | Upper Maumee Allen, Dekdb
04100007 | Auglaize Allen, Adams
Upper Great . .
05080001 Miami Union, Franklin
: Randolph, Wayne, Henry, Franklin, Fayette, Union, Rush, Decatur,
05080003 | Whitewater Ripley, Dearborn
Middle Ohio- P .
05090203 Laughery Decatur, Franklin, Ripley, Dearborn, Switzerland
Grant, Howard, Miami, Cass, Adams, Wabash, Huntingtin, Whitley,
05120101 | Upper Wabash Allen, Wells, Jay
05120102 | Salamonie Wabash, Huntington, Grant, Wélls, Blackford, Jay
05120103 | Mississnewa Miami, Wabash, Grant, Madison, Blackford, Delaware, Jay,
Randolph
05120104 | Ed (Upper) Noble, Whitley, Allen, Kosciusko, Wabash, Miami, Fulton, Cass
05120105 | Midkle Wabash- 1 cass. white, Carroll, Howard, Miarmi, Tippecanoe
Noble, Whitley, Kosciusko, Marshdl, Fulton, Miami, Cass, Starke,
05120106 | Tippecanoe Pulaski, Jasper, White, Carroll, Tippecanoe, Benton
05120107 | Wildcat Tippecanoe, Carroll, Clinton, Howard, Tipton, Grant, Madison
05120108 Middle Wabash Benton, White, Warren, Tippecanoe, Fountain, Vermillion,
Little Vermillion Montgomery, Parke
05120109 | Vermillion Benton, Warren, Vermillion
05120109 | Sugar Fountain, Parke, Montgomery, Boone, Clinton
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HUC River Counties
Middle Wabagh- " . .
05120111 BUsseron Vermilion, Vigo, Clay, Sullivan, Greene, Knox
05120112 | Embarras [llinois, Border
05120113 | Lower Wabash Knox, Gibson, Vanderburgh, Posey
. Owen, Morgan, Johnson, Hendricks, Marion, Hancock, Boone,
05120201 | Upper White Hamilton, Tipton, Madison, Delaware, Randolph, Henry
: Gibson, Knox, Pike, Daviess, Sullivan, Greene, Martin, Owen,
05120202 | Lower White Monroe, Brown
05120203 | Ed (Lower) Greene, Owen, Vigo, Clay, Putnam, Morgan, Hendricks, Boone
. Bartholomew, Brown, Johnson, Shelby, Marion, Hancock, Rush,
05120204 | Driftwood Madison, Henry
05120205 | Flatrock-Haw Bartholomew, Shelby, Rush, Decatur, Fayette, Henry
05120206 gg‘f Eest White Jackson, Brown, Bartholomew, Jennings, Decatur, Shelby, Rush
05120207 | Muscatatuck \Iljvgington, Jackson, Scott, Clark, Jennings, Jefferson, Ripley,
ur
05120208 Lower East White | Pike, Daviess, Dubois, Martin, Orange, Greene, Lawrence,
Fork Washington, Monroe, Brown, Jackson, Batholomew
05120209 | Patoka Gibson, Pike, Dubois, Spencer, Perry, Crawford
Silver-Little : . .
05140101 Kentucky Harrison, Flyod, Clark, Scott, Jefferson, Ripley, Switzerland
05140104 | Blue-Sinking Perry, Crawford, Harrison, Floyd, Orange, Washington
05140104 Iﬁl%/g]Ohlo Little Vanderburgh, Warrick, Pike, Dubois, Spencer, Perry, Crawford
05140202 | Highland Pigeon Posey, Vanderburgh, Warrick, Gibson
Lake, Newton, Porter, Jasper, Laporte, Starke, Pulaski, St Joseph,
07120001 | Kankakee Marshall, Elkhart, Kosciusko
07120002 | Iroquois Lake, Newton, Jasper, Pulaski, White, Benton
04060200 | Lake Michigan
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Geographic Information Systems (GIS)

Whatis a GIS? A geographicinformation system isacomputer-based tool for mapping and analyz-
ing thingsthat exist and eventsthat occur. Gl Stechnol ogy integrates common database operations such as
satistical analysisand querieswith the unique visua benefits offered by maps. A GISworksby storing
information about theworld asacollection of thematic layersthat can be linked together by geography.
Each bit of information contai ns either ageographic reference such aslatitude and longitude, or animplied
reference such as an address, zip code, censustract, or road name. Thesereferencesallow youto locate
features such asforest stands, and events such as earthquakes, on the earth’s surface.

Vector & Raster. Gl Sworkswith two fundamentally different types of geographic models, the
“vector modd” andthe“raster model.” Invector, information is stored asaseriesof x/y coordinatesor
points. Thelocation of apoint feature such asagaswell can be described by asingle set of coordinates; a
river would be acollection of points. Areas such aswatersheds or salesterritories can be stored asaclosed
loop of coordinates. Thismethod isuseful for mapping discrete features but isnot much usefor continuoudy
varying features such as soil type. Theraster model ismade up of acollection of cdlsinagrid, likea
scanned picture made up of pixelsor apaint-by-number picture. A GIS system can handle both models.

What does a GIS do?

Input: datahasto be converted into adigital format beforebeing usedinaGlIS, so the system
‘knows’ whereeverythingis. Many typesof dataaready exist in Gl S-compatibleformats, and can be
loaded directly into asystem. Other datahasto be digitized, which may betime-consuming.

Manipulation: Datatypes need to be manipul ated to be compatible, for instance, so that they areall
at the same map scale and can belayered on top of each other (roads, rivers, and population on abase
map of land use, for example.) Manipulation toolsare built into currently available systems.

Data Management: For small projects, datamay simply be stored asfiles. For large projects, a
database management systemisneeded.

What can you do with a GIS?

Ask questions! Infact, learning to frameyour questions correctly iskey to getting themost froma
GIS. You can ask smple questionslike, “Where do the people live and work in my watershed?’ or com-
plex analytica questionslike, “If we build anew highway here, how will the community be affected?” Two
important toolsof aGlSare proximity analysis (How many houses arewithin 500 feet of thisstream and
wherearethey?) and overlay andysis (Show meal the soils, dope, vegetation, and land ownership). Most
Gl Sreportsare maps, sometimeswith tables attached.

Related technology: GPS, or global positioning systems, measure specific locationson theearth’s
surface using satellite signalsand are available as hand-held units. The signal s can be transposed into map
positionsinthe GIS. GPS unitsare commonly used for surveying, navigation, and locating features such as
dams, pipeoutfalls, et cetera.

What GIS is NOT: GISisnot adecision-making system. Itisatool that suppliesinformationina
form that may makeit easier for agroup to arrive at decisions, but it can aso be confusing if the questions
arenot framed well. Itisalso only asgood astheinformation that isfed intoit! GISisalso not absolutely
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essential to watershed planning. A great dedl of information can be presented on ordinary paper mapsand
transparent overlaysfor much lessthan the cost of aGI S system and thetraining required to operate one. It
isawonderful toal if the money and manpower are available. Consider partnering with another group,
agency, local government, or university to gain accessto aGlSfor your watershed planning process.

Commonly available GIS products: ArcView isavailablefrom ESRI (acommercial company). It
alowsviewing of spatia data, compiling of layersinto maps, primarily used with readily available databases.

Arclnfoisavailablefrom ESRI. It dlowscomplex dataanayss, suited to manipulating large volumes
of data

For moreinformation, check out your local community collegeand thelibrary, look at ESRI’swebsite,
and talk to county planning officias. If they do not presently haveaGI S, they probably have researched
purchasing oneand haverecent information.

A short course on water & water quality

monitoring
This section is courtesy of Dr. Gwen White, IDNR

Volunteer water quaity monitoring provides many cost-effective benefitsto the participantsand the
watershed community. Volunteerswho aretrained in monitoring arewell prepared to educate themselves
and local communities about the connection between their actionsand the future qudity of lifein thewater-
sheds. Adultsand studentsin school classesor clubscan acquiretheinterdisciplinary skillsin chemistry,
biology, physics, and public policy that arerequired for making effective decisionsregarding resource
managemernt.

Brief bistory of water quality monitoring

Public palicy baances short-termindividud benefitsagainst quality of lifefor neighborsand future
generations. The national water quality goasfirst articulated in the Clean Water Actin 1972 include “fish-
ableand swvimmable” waters, elimination of polluting discharges; and protection of public water supplies,
aquatic life, and recreationd activities. Theterm “fishableand swimmable” indicatesagoal of maintaining or
restoring potential water uses and reflectsalong European history of recognizing therights of the publicto
haveresourcesavailableto fish, hunt, and use water for drinking and crops. Monitoring ismandated at the
state agency level by the Clean Water Act, which requiresall statesto report to Congressevery two years
on progresstoward water quality goals.

Sincethe Clean Water Act wasenacted in 1972, the understanding of water pollution sourcesand
focusof water quaity monitoring hasexpanded. Theorigind act reflected the urgency of dealing with severe
problems caused by point-source pollution, including dischargesfrom industries, sewage treatment plants,
and other commercia facilities. The exact sourcewasrelatively easy to identify and measure asadischarge
from“theend of apipe.” Thefirst substantial caseregarding water quality issues and the Endangered
Species Act occurred in 1978 when the Supreme Court halted construction on the Tellico Dam becausethe
dam would threaten an endangered species of fish known asthe snail darter. Lessthan 10 yearslater, the
Clean Water Act wasamended to address non-point sources of pollution through Section 319, which
requires statesto identify water bodieswhere control of nonpoint source pollutantsis necessary to meet
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water quality standards and to establish management programsfor listed waters. Funding fromthe US
Environmental Protection Agency ischanneed through the Indiana Department of Environmental Manage-
ment (IDEM) to addressissuesrelated to Section 319. Projects receiving funding through this program
are required to have a monitoring component.

Themost recent shift inwater quality issues has been the recognition that habitat changesimpair water
quality asmuch or morethan direct chemical and physica changes. Theorigina Clean Water Act included
provisonsto addressdischarge of dredged or fill material in“watersof the United States’ in Section 404.
However, the extent of thisjurisdiction wasnot clear until 1985 when the Supreme Court concluded that the
Army Corps of Engineers had broad jurisdiction over any areaflooded or saturated enough to support
wetland plant and animal life. A number of uses either were exempted from jurisdiction or covered under
broad general permits. Continued discussion of these actionshasresulted in adebate regarding private
property rightsand public benefits.

Monitoring land-use effects on water quality has paraleled the shifting focus on problemsreflected in
thelaw. Most monitoring initially was conducted around point sources of pollution and measured chemical
and physical characteristics. During the 1980s, severa scientistsrecognized devel oped methodsfor using
plant and anima communitiesto indicatethewater quality for human useand to sustain ecosystems. W. L.
Hilsenhoff devel oped one of thefirst systematic methodsfor use with aguatic macroinvertebrates (e.g.,
insects, leeches, snails) in 1982. James K arr devel oped amethod for fishin 1986. Building on these meth-
ods, state agencies, including IDEM, have begun monitoring the quality of aquatic plant and anima commu-
nities, aswell as conducting habitat assessments, in watersheds across Indiana. However, asof 1998, state
water quality standards have not been set for the quality of habitat or plant and anima communities.

Volunteer monitoring can . . .

... expand information available through state monitoring programs.

Themore dataavail able to awatershed group, the better the group will understand and prioritize
problemsand potential solutions. Statesare required to submit regular reportsto Congresson water quality.
Thesearecalled“305(b)” reportsin referenceto the section of the Clean Water Act that providesthe
requirement. However, dueto several limiting factors, information may not be availablefrom state or federa
agenciesat locationsin thewatershed that are critical to project success. Physicd or political accessto
somesiteson privateland may belimited to state agency personnel. Volunteersworking in awatershed can
obtain datafor discrete use at thelocal level. Volunteers should always acquire permission from adjacent
landownersprior to collecting information.

... stretch funding for watershed monitoring.

State-funded projectswill include limited monitoring at the beginning and ending of projects. Collecting
information on baseline and long-term trendsin water quality can be expensiveand time consuming, butitis
essentia for making appropriate decisions about watershed management. Limitationsin funding may reduce
the number of samples over space and time. Repeated monitoring can be used to distinguish between
natural variability and changes caused by humans.

Consultant feesfor monitoring can consume asignificant proportion of project funding. Volunteer data
will give supplementa information in yearswhen funding for professona monitoringisnot available. Volun-
teersincrease the amount of information that can be collected with limited funding and target further profes-
sona monitoring to the most cost-effective areas. By matching vol unteer monitoring with professiond
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monitoring at the same or nearby sampling sites, datafrom volunteers can be confirmed by professional
monitoring. Results of the additional sampling by volunteers can be compared to periodic professional
monitoring for caibration and vaidetion.

... provide data needed to identify and prioritize need for restoration in the watershed.

Many state and federa programsdepend on local groupsto request funding for projectsthat would
improvewater quality. Local agenciesand volunteerscan identify the need for projectsby acquiring infor-
mation onthe current status of local waters. Effective watershed management depends on identifying the
sourcesof problemsand the success of implemented solutions. Vol unteer monitoring can provideinforma:
tion on project successthat may be needed for continued support and to determine when existing methods
areno longer functiona or appropriate under awatershed' sparticular conditions.

... provide important information in determining impacts of catastrophic events.

Volunteersusually know their watershed history better than nonresidents and can reach locationsfor
sampling more quickly after asgnificant event, such asaheavy rain or achemical spill. Physica evidence of
accidenta spillsmay pass quickly without attention from agency officias. Sources of non-point pollution
often are not obviousfrom mapsor other resources avail ableto off-site consultants. Watershed residents
often have specidized knowledge of potentia problem aress.

... provide appropriate information for decision making in a watershed.

Theaccuracy and utility of volunteer datafor making decisions about land-use management has been
proven in many established state programs. The Nationa Weather Service wasthefirst agency to success-
fully train volunteersto collect valid data. Recent studiesin severad stateswith established volunteer monitor-
ing programsindicate that volunteers and agency biologists detected smilar generd patternsof water quality.
Volunteer biaseswerefairly standard and could beimproved with additional training. Volunteerstended to
err by indicating greater pollution in clean streams and less pollution in stressed streams. The biaseswere
corrected by emphasizing training in recognizing cryptic (smal), rare, or indicator species. Most methods of
measuring water quality using ascoring system account for natura variability over space and timeand
indirect influencesof human land use. Therefore, carefully trained volunteers can provideinformation at the
appropriate scale needed to make decisonsregarding land use. Volunteer monitoring was most effective
when used asan“ early warning” system that isfollowed by agency biologistswhere needed. Thesingle
most important factor in effective monitoring isgood record keeping.

The Importance of Test Parameters

The habitat of the stream determines many aspects of the stream or |ake structure and affects some
chemical characteristics. Vegetation aong the bank filters nutrients and sediment in runoff. Treesand large
shrubsat the waterline shade the stream, lowering the temperature and reducing algae growth. Treeroots,
falenlogsand large bouldersin shallow areas provide cover and nesting sitesfor fish and other animals.
Many insectsand sport fish speciesin Indianastreamsrequire clean sand or gravel for and nesting Sites.
Speciesdiversity isusualy lower and exotic species, such ascarp, often dominate where water ismuddy
and banksareeroding.

Physical characteristics of water includetemperature, turbidity, and velocity. Like humans, plants
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and animals are adapted to aparticul ar range of temperature. In ahot environment, body processes speed
up and organisms need morefood and fluids, and use more energy to regul ate body temperature, leaving
lessenergy for other important activitieslikefinding food or shelter. In acold environment, body processes
and behaviora activitiesdow down. Animaswill moveto apart of thewater wheretemperatureismore
comfortable (e.g., shaded or deeper cold water in summer). Cold water has space for oxygen because
moleculesmove moredowly. Warm water drivesout oxygen. Thetoxic effects of some chemicasincrease
aswater heats.

Sedimentation can cause acascade of negative effectsin water. Soil increaseswater temperature by
absorbing heat. Poor water clarity interfereswith feeding in predatorsthat hunt by sight (including many
gport fish), can cause hybridization if speciesthat select matesby sight (e.g., sunfish), clogsgillsduring
breathing and feeding, smothers nestsand eggs, and fillscrevicesin gravel beds. Soil can carry attached
toxic chemicalsand phosphorusinto thewater. Erosion can carry dead plant and animal matter into water,
whichincreasesthefertilizing effect and burns oxygen through decomposition. Insectsand other small
organismsthat thrive on breaking down plant matter increase at the expense of other organisms.

Velocity and discharge describe the amount and speed of water in the stream. Plantsand taller algae
formsrarely grow infast-moving water dueto damagefrom theforce of thewater. Only streamlined animals
or animaswith appendagesfor clinging to rocksor stickslivein fast-moving water. Energy spentinmain-
taining positioninfast currentsisnot availablefor other important functions such asfeeding or reproducing.
In generd, fast-moving or turbulent water contains more oxygen and ismorewell-mixed chemicdly, withan
even temperature, than lower or ponded water that may have warm and cool spots, less oxygen, and areas
with higher and lower pollutionlevels.

The pH of thewater affectsand respondsto chemical reactionsin thewater. The pH measuresrdative
amounts of acidsand basesin water. The pH in Indianawatersgeneraly averagesfrom 7t0 9. When dlgae
or plants consume carbon dioxide and produce oxygen, achemical reaction causesthe pH to increase up to
10. Decay of plant or animal matter also can cause the pH to decrease down to 6. Most Indianawatersare
naturally hard with alarge capacity to buffer changesin the pH. There are somewaters affected by acidic
minedrainageinwhichthe pH isapotentia problemfor lifeinthewater.

Oxygen iscritical to sustain lifefor most organisms, including plantsand animals. Plants produce
oxygen during theday but consume oxygen at night or in cloudy conditions. Low oxygen can cause degra-
dation or death by disrupting devel opment or killing eggs and embryos; increasing toxicity of some chemi-
cals; and reducing energy availableto find food, fight disease, and reproduce. Animalsthat liveor nestin
shallow water are particularly susceptibleto rapid changesin the amount of oxygen in water dueto heating
or decomposition.

Nutrients, or fertilizers, include any chemica that isrequired to increase the growth of plant or anima
communities. Many of these chemicasare generaly abundant enough to support populations. However, the
key to managing plant or anima growth istoidentify the nutrient that isrequired for growth and isin short
supply (limiting factor). Onland, most plant populationsarelargely limited by the avail ability of nitrogen. In
water, most plant populations arelimited by phosphorus. Additionally, sources of phosphorusaremore
eadly controlled than sources of nitrogen. Plants or microscopic organismsthat remove nitrogen fromtheair
and convert it for use by other plantsare often abundant. Phosphorusoriginally comesfromrocksandis
recycled inliving systems by the process of consumption and decay.

Phosphorus isnot directly toxic to plants or animals, but can kill fish or other oxygen-bresthing
animalsthrough theindirect effect of increasing plant populations. Plants produce oxygen during the day and
consume oxygen at night. An overabundance of plants causes so much oxygen in water that gasbubblesare

Watershed Action Guidefor Indiana 67



often seen on plant temsand leaves on sunny days (supersaturation). Thelarge plant or algae population
consumes an equaly largeamount of oxygen at night and can drive oxygen levelsto nothing. Thiseffect
commonly causesfish or frogkills.

Nitrogen occursinwater infour different chemical forms: organic, or TKN; nitrate; nitrite; and
ammonia. Ammonia isfound in surface and wastewatersbut isusualy low in groundwater becauseit
attachesto soil. Ammoniacan betoxicto fish, especidly at high pH and high temperature. Ammonia
decomposesinto nitrate. Nitrate usualy islow in surface waters but may be highin groundwater or tile
drainage. Nitrate can cause sicknessand degath of unborn or infant humans and animalsthrough an effect
commonly known as* bluebaby syndrome.” Nitrate can interferewiththe ability of ironto carry oxygenin
blood, causing theyoung anima to chemically suffocate. The national standard for nitrateisset at 10mg/l to
prevent thiseffect. Nitriteishighly toxic but usualy isfoundin small amountsand rapidly converted into
other forms. Nitrite can enter awater supply through industria discharges. If nitriteismeasured at dl, the
combination of nitrate and nitrite are generaly measured together. Organic nitrogen representsacombina-
tion of most forms of nitrogen that are carbon-based mol ecul es and byproducts of plant or animal decay,
including proteins, urea, and numerous synthetic materias. Measurement of organic nitrogenisoften called
“TKN?” or total kjeldahl nitrogen, after thetechnique used inthetest.

Thereare many natural and human sources of nutrientsin water. Human sewage can enter from
treatment plantsand septic systems. Livestock waste can enter from overflowing manure pitsor runoff
following land application onfields. Wild anima sand petsare d so asource of nutrients. Eroding soil can
carry phosphorusand ammonia. Draintilescarry nitratesdissolved in water. Decay of organic matter from
leaves, grassclippings, wood, dead plants and animals, and landfills can contribute organic nitrogen and
phosphorus. Chemical tests cannot distinguish the source of nutrients but can indicate the amount of nutrients
relativeto thelocation of known sources of nutrients.

Wastewater presents athreat of spreading water-borne diseases. Many pathogenic (disease-
causing) organisms aresmall, difficult to sample and identify, and dangerousto maintain for testinginthe
laboratory. Coliformsand fecal streptococci aretwo groups of bacteriafound in the waste of warm-
blooded animals. Assuch, their presenceisan indicator of wastewater (fecal) contamination and potential
for the presence of other disease-causing organisms. Escherichiacoli, or E. coli, isasingle speciesof fecal
coliformsthat isonly found in waste from humans and other warm-blooded animals. For drinking water,
total coliformsarethe standard test because their presenceindi cates contamination of awater supply by any
outside source. For recreational waters, the US Environmental Protection Agency (EPA) recommendsusing
E. coli asthebest indicator of hedth risk in water. Inthe past, testswere doneto comparetherelative
abundance of fecal coliformsand fecal streptococci to indicate whether the probable source of contamina:
tion washuman or anima. Thiscomparisonisno longer considered reliable.

Severd test kitsareavailablefor volunteer use based on similar methods of growing and distinguishing
the bacteria. However, proper handling precautions are essential when testing, for coliforms can be danger-
ousin case pathogenic organismsare present in thewater. Every method for testing coliformshaspositive
and negative attributes. Selection of the most appropriate method depends on turbidity of thewater sample;
high or low range bacterial dengty; ability to distinguish total coliforms, fecal coliforms, and E. coli colonies;
and use of geriletechniquesindiluting, filtering, transfering, and auger handling techniques. For thisreason,
many of the volunteer monitoring programsdo not specify amethod but suggest carefully following the
directionsin the selected test kit. A datareport must include adescription of the testing method and appro-
priate unitsfor theresults (e.g., colonies per 100 ml). When appropriatefacilitiesare not availablefor the
testsor more accurate tests are needed, professional s should conduct the sampling.
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Designing a volunteer monitoring
program

Selecting the characteristics to be monitored

The successof any project, including abusiness or watershed project, requiresknowledge and the
development of capital and infrastructure. Monitoring islike accounting. An audit of abusinesswill include
measurements of the amount of stock on hand, businesstransactions over time, the capability to producethe
product, and interactions between employees and customers. An audit of astream, lake or wetland system
includessmilar measurements.

Capital representsthe productsthat are availablefor sale or use and indicatesthe short-term viability
of thesystem. Theformsof “biologica capitd” that are availablefor human use and to support natura
productivity include speciesdiversty, popul ation size, popul ation structure, and speciesinteractions. Species
diversity includesthe number of speciesand different typesof species. Population sizeisthe number (abun-
dance) of individuals. Population structure includes an appropriate mix of both sexesfor reproduction and of
young, reproducing, and older individuals. Speciesinteractionsinclude predator-prey (feeding) and territo-
ria (defending) behavior. Many checklistsfor monitoring animalsor plantsin an ecosyslemwill include
measurements of someor all of these aspects of existing organismsin thelake, stream or wetland.

Measuring the existing capital in abusiness or ecosystemwill not provideinformation onthelong-term
success of the system without al so measuring theinfrastructure. Infrastructure in abusinessor ecosystem
includesthe support systemsthat are necessary to continue production. Aspectsof “biologica infrastruc-
ture” include climate, soils, topography, vegetation, shape and size of thewater body, seasonal patterns of
temperature and rainfall, and connections between land use and water quality. These aspectsare often
measured with habitat descriptions, which include surrounding land use and testing the chemical and physical
characteristicsof thewater.

Determining an appropriate level of monitoring effort

In most cases, available funding and timewill limit the amount and kind of data collected for aproject.
The project managers must sel ect the most cost-effective aspectsand locations that will providethe most
information with theleast amount of monitoring. Aspectsto consider includethe history of monitoringinthe
project area; thelocation of sampling Sites; thetiming of samplingsrelativeto seasonal changes, yearly
variation, and storm events; and the combination of characteristicsto monitor.

Thetypeof project will provide genera direction for selecting an appropriatelevel of monitoring.
Monitoring can be used for quickly scanning watersin an areato identify potentia problems; periodicaly
assessing changesin water quality; repesating teststo confirm aproblem identified at alocation; establishing
reasonablewater quality goalsfor aproject compared to high quality sitesin theregion; and using aparticu-
lar combination of teststo diagnose the probabl e sources of suspected water quaity problems. These
factorswill indicatethetiming, location, and teststhat will be most effectivefor monitoring.

A thorough investigation into existing monitoring datain and around the project areawill assist with
guiding appropriate monitoring efforts. Where possible, sampling should be repeated at |ocationswhere
exiginginformationisavailablefor determining trendsover time. If sampling techniquesareknown from past
research, the use of smilar techniqueswill increase the comparability of the data. Common sources of
information include copies of past reportsand historical picturesinthe public library; aerid photographsand
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soil surveysinthe County Soil and Water Conservation District (SWCD) office; agria photographsdating
back to the 1930sin the State Archivesin Indianapolis; recordsof rare speciesinthe Heritage Trust Data-
base, Division of Nature Preserves, IDNR; fisheriesreportsat the office of theIDNR Digtrict Fisheries
Biologist or nearest State Fish Hatchery; agency reportsat IDNR or IDEM; web pagesfor agenciesand
universities; and persona accounts of peoplewho havelived in thewatershed. Phone callsto request
materialsor information are more productiveif thereason for theinformation and exact type of information
neededisclearly given.

Site selection for monitoring

Thescaeof aproject indicates how large an areawill be covered with the sampling. Individua land-
owners may wishto test water entering and leaving their propertiesto determinetheir contributionsto water
quality changes. County managers or |ake associations may conduct smilar samplingsbut at the scale of the
incoming and outgoing water at the county or lakelevels. A subwatershed managed for improving land use
practices may be sampled and compared to asmilar regiona subwatershed with known high water qudity
or with similar starting water quality and no project to assessthe effects of theland use project. Water
quality could betested upstream and downstream of aparticular project site before and after livestock
fencing, manure pit ingtd lation, bank stabilization or other Site-specific projects.

Site selection depends on location rel ative to the source, accessibility, and funding. For convenient and
permanent access, most Sitesarelocated just upstream of abridge crossing or other access point. Permis-
sion for accessfrom private property ownersisessentid. The sitesmust bereadily identified usng aperma
nent structure (e.g., aroad crossing) and latitude/longitudeif possible, so future samples can be repeated at
exactly the samelocation. In most watershed projects, sample sStes are sel ected starting with the outl et of
thewatershed and moving upstream to distinguish inputs of each subwatershed with interest to the project.
Tegting at mainstem sitesbel ow each tributary distinguishes subwatershed effects, if the primary interest isin
themainstem water quality. Sitesjust upstream of themouth in each tributary (beyond any backwater effects
from the mainstem flow) detect differencesin thewater quality in each tributary. How finely thewatershed is
subdivided depends on the project goa s and avail able resources for monitoring.

Timing of monitoring

Decisions about thetiming of monitoring are guided by the type and accuracy of information needed
for the project. More sampl es spaced appropriately intimewill awaysimprovethe accuracy of theinfor-
mation. However, the need for extremely accurate information may belessrelevant to decisionsregarding
most land-use practices. For instance, whether the nitratelevel is 15 mg/l or 20 mg/l isnot asimportant as
knowing that thewater quality standard of 10 mg/l isexceeded most of the year whilelivestock and animals
areusing thewater asadrinking source. Ingenerd, sampling inlate summer or fal ismost vauableto
identify problemsreated to point-source pollution. At thistime of year, water temperaturesare high, which
decreases oxygen and increasesthetoxicity of many chemicas, and water levelsarelow, which concen-
tratespollution ingtead of diluting it. Sampling inthe spring or immediately after aheavy rainfal will bemost
useful for determining effects of nonpoint-source pollutants contained in runoff. Any timeland use changes,
sampling could be repeated over aperiod of monthsor yearsto determine subsequent effects on water
quality.

Natural variation can complicate the question of whether human actionsare causingaproblem. In
generd, at least two years of sampling under the same conditionsisneeded to determine whether the stream
just had a* bad year” because of unusual wesather or other natural causesthat reduced the size of the
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popul ation. Specid note of extreme wegther during the sampling year isvauablefor distinguishing whether
water quality changes are dueto humansor nature. Physical, chemical, and biological aspects of streamsor
lakesalso differ, depending on where the sample was collected. Notes regarding the surrounding conditions
at thesamplesite, such asin apool, under shadetrees, or near the bank are a so important. Comparisons
with smilar Stesthat have not been affected by human activitieswill adjust for some of thenatura variability.

What parameters of water quality can be measured?
Tests are listed below in order from most to least common tests for monitoring:

Habitat Chemistry Biology
watershed land use temperature aquaticinsects
riparian zone pH fish
stream bank dissolved oxygen (DO) plantsagee
stream channel phosphate plankton
physicsof flow Nitrate Musss
turbidity
fecd coliform

What equipment is used?
Equipment cost and complexity differ, depending onwhich aspectsof aguatic ecology arebeing
monitored. The equipment below islisted in order of cost and complexity.

» Datasheetsfor systematic recording of observationson all aspects.

»  Useof photography to document habitat condition or plant and animal observationsisstrongly
recommended.

» Habitat observations can include visua reconnaissance, measuring tapesfor depth and width, a
variety of flow meters, light meters and other apparatusto determine amount of shading or other
physica aspects.

» Kicknet, vids, trays, hand lensor microscopefor collecting organisms.

» Keysforidentifying aquatic insectsand other organisms.

» Chemical testing kit or spectrophotometer—county health departments, wastewater treatment
plants, or other water utilitiesmay bewilling to run some of the more complicated tests(e.g.,
turbidity, tota dissolved solids, feca coliform, pesticides)

»  Computer for dataentry and analysis and/or modem to access computerized information (optional).

Data sheets

The appropriate sel ection of sampling sites and aspectsto be measured in combination with accurate
and complete records of the results are moreimportant than the use of specific datasheets. Beespecialy
careful to record datawith appropriate units of measurement (e.g., inches, meters, mg/l, gallons). Unlessthe
unit of measureisrecorded, the number and collecting effort isusualy usdless. Datasheetsare available
from severa monitoring programsin Indiana. Most of the data sheets are based on similar testing methods,
but arearranged dightly differently. To facilitate dataentry, record the observations on the sheetsthat are
gpecific to the program receiving theinformation. Data sheets are useful as checkliststo ensurethat al
required data have been collected and recorded.
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What will it cost?

The cost of monitoring varies, depending on the aspectsthat are measured and the degree of accuracy.
Habitat assessmentsrequirelesstechnica training and very little, if any, expensve equipment. Chemical
testing can berelatively expensive or very expensive, depending on the accuracy level and typesof tests. In
generd, testsfor turbidity, nutrients, and associated physical factorsareless costly than testsfor pesticides,
metas, or other industrial contaminants. Biological monitoring costs about from about the sameto somewhat
lessthan chemical testing. In generdl, testing for macroinvertebratesisless expensive than for fish or mus-
sals, but selection of organism group a so depends on the purpose of the monitoring project. Cost for
volunteer monitoring test kits can range from $250 for titration-based teststo $2500 for automated meters.
Funding for projectsfrom many state and federd programsincludesaportion set asdefor monitoring.
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